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[twain xf$^>t;i'i"J3>*SS'>i-^ 
r^^lf* x ^ -i x l r -> y n 3 x - " cc Sn 

->y n^m^'i'i-^^S^-r^S. 

F-^U?c->';=i>^b b b # ; S:W^€>^. 10 
F-:/-r-5>ffift?£ffi£. 1 x l o 10 ~5 x l 0 ,! at 

oms/orf kt-s c tz&mtrzn&m 1 tcistgi-fcx 

*WcF-^rsa3RiME*. 1 x l o 13 ~l x l o 14 at 
2 (CiStg Lfcif^^tAi"J3 >3MSH ■? x 

#K^S*iS«*W»«ilEt*. 1 8 p pmaOTK 
■T4Ci*i|*«i-r4lt*Bia:lr»Llt*3I3©l»m 

■?xw>«: 9 0 0 'C~i^ =i >©it*«T©sa©^M 

£ C i fc^® i-J* 5ft 1 StC» Llf*^4 © 

t^-r i 39(ct B*g l /ex f 3? * +• ;i> v y xt 30 
•5x-^^sBtr-s*& 

tii^6] mmmma. ^tetfx, *^ 

«1Btf9Ci*««i-r*»*315«:BttL*:xfcr** 

[S&3J8H 7 ] «rs-> y x? >#is«9 x-/\©«fa* 
0. 1 q • awiic^zct&wGkt-fznJmi 

[«3S®9] xtT^+V+.rt/i'yx? x~^ 

tt, ^ 3 £7;ux*-i£tcioT^£F-:7LTWf& 
5hfc->'j3 >3tt§iH6* x ^ x L/ rf§ 6 titc is y 3 

s n r t> s & © f * -s c i £ #® <b -r s x t * * +• a- 
s/y =j>^S^x-^. 
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S*5 > 1 x 1 0 10 ~5 X 1 0 ls atcms/arf-C*-2.Ci?r 

#®i-r-5.it^9 stiei&i-fcx t^w^y =>> 
[ mim 1 1 ] y ^ ^jmsh ^ x - ^©«ms?i 

1 x 1 0 1S ~1 x 1 0 14 atans/cm'-Cfe-5Ci?r 

+)W> y 3 x-^. 

1 2 ] 1 1 KiBiSOfcx 

->y xj^mfSH^x-^r&o-c. xt*=*f-*> ;Wgg| 
M©:KRi^S# 0.3 ffl/W VLT-C$> Z>Ct *W®. £ f 
£ x h' £ * is +■ y 3 >J|iiS£ ^ x -a„ 

[W*3S 1 3 ] srs-> y =j >#MBi^x-^©t&^rBj 

1 8p pmaJyTr^^Ct^^i-TS 
if^S9fj:t,»Lfi^l 2©ti-rn*U^fCi2i6U/tx 
fd? f >J xi >#ife B ^'i7x-^ 0 

[W*Bi4] B«ia->yx7>m*s B i'i'x-^(i > xf 
^ ^ -> + ^bes^k^t tass^atc «fc 0 mi&z n s k 

«Wa«©*flE#l x 1 O'M/cm'JSLL 
ttm&Zis y 3>#ti^©as^rownt«8-CWr-5C i 
«r^®iT-Sig^S9i&^Lif^l 3©t^-rn*>lS 
CciB*£L/fcxb-^+~>-r^->y xr>^^r>x-^„ 

[ft*a 1 5 ] tavy 3>«b§')x-a!W. 

SP(C XfJ^t ;HS ?r^fiST 4»K. 9 0 0 'C—> V 

3 >©M*«T©fiS©^^osi ^ Jn^. en/t &©-?£. -s 
ci^sti-r-5.»*^9!&c^«^i 4©^-rn^ 

1 SKfHtS l/fcxb^+->t*->'J3 x - 

^. 

[«*S16] lolB^y 3>#MA^x-^. %s 
gpfcxf^^^+^g^fiS-r-Snrtc:. jfrcsg. ^Rgtt** 
X. *.StittCiie)©tl-&**X^fflmT-C. ra>^3:< i *> 

fS§9jjai9&UOf93jaSl 5©l»-J*tuJ»13B(clE»l/ 
fcx f5r + ^> y xi >«iSfx-'\ 
[f»*3 1 7 ] WlS^y xi>#igA^x-^{J. 

stcx f + ^ +• >\>m zm-im- z> m<ommmc 

©^RS®S*3 0. 1 2®/™'^-^. ^o^^rmi^M 
S«Cj;(3 0^$nS^#Tm!g!lWS^l x 1 0'<i/an s 
«±itt4t>©r*5Ci«SliT5ll*B15*& 
ttsf*31 1 6 (CGK L. fcx f $ + )Vis y 3 >mSB% 
■>x— ^„ 

[ft*^i8] luta^y x7>mMH^x-/N©s5i* 

0. 1 Q • a«eU:"C*SC4*«»ir*IIWBB9 

&t=> vm&m 1 7 ©c=>-rn>^ 1 ^isfci./cxb-^+i' 

t y 3 > JUtg A ^x-^„ 
[0 00 1 ] 

«rtBfl6W^>ttX . ^ttKlMxf^^w^'J =1 
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[000 2] 

[fi£*^«W] if^i/t jl/i/ya^g^i-^ 
/Co £/c, MOS V7hX7-^ 

£ v l^-5Gr own - i n^ifC<t^DRAM©fl 

[0003] c^awiftf/^^tcft^snsx 
t:£ + ;i^> y p >itM£H^ x JbteS^H^^ 

W3^IR^*fi»»K# 1 X 1 0 9 atoms/cm 2 «Ti#x. 6 

nr o > y p >^ x w^tc??anr *«sfeJiPF#6«itt 

[0 0 0 4] COJ:5tt«^^R^*<E«S'&i»« 

^xw^sat&cfct, dry >£f£UK4>Ki> % i^#p 

>lgS(3DS=E (MiB, 3X1 0 18 atoms/on 3 JtLt. 

0. 0 2Q • cmKT) ^l^ntfc^ ^©fc»xK 

<£ D Kit 5 tltcMim$i<Dzs y =i x-^ 

[0 0 0 5] tiSttCMOSf^-fXffi©i£f 
# * * ;b > y p > JjMgJI $ x - i L X <fc 

[000 6] $ tc, ffif/i^O . 1 Q * an*?gCDjS**P 
ItL/c^Jffi^BVx tr jr * ;Ut&cm 0 i££*i/c 

i«« s i o^i^rcvDa-f >yr5« 

[0 0 0 7] 
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[000 8] 

[SBH*JR«r*tea60*a] JbSBRBtJIBfc-rSfc 
*»9i©»*3B 1 KiSiS L/ fcJWitt, xf^Vt 

10 3*^;l/**H*«c<fcoTg3R* F-:/Lfcf ya># 

[0009] c<D<fc5K. xej*^t^y3>*s 
a^x-^*«jsr5«*«:*Jt*r % *a*^x+- 
i£&c j: xmmz Y-y'iy to; y p >4us««£in& 

U »2/ y 3>«sjwit^9 -f ^ its/ y a>«Si 
20 ^x^Mlb/ci, gi/ya>fiI-)x-;^$ 

p>^S^x^(D^^»"Ctifi3R©|?ffiCcJ:0» 
Hxb^^>t ^JWBSiecc igl> y „ £ y > 

wrsiftfc, K^p>iescD*«cc*jiirfe^y^y 

t* 2 * > * ;!//■ £ Wt SxtWt^^ 

«>x wNitesr * c <t#r* *>„ 

[0 0 10] CCMB£\ »3fcffl2CcKaL:te<fc9K:, ^ 
30 H*^x*-ffi«:<fc-D-cSBR* K-^>y3># 

1 X 1 0 10 — 5 x 1 0 li atoms/cm s «:-rSC<t^Jf 

$ tA>. cmt 'm*k<£ o > y 3>->xwMtK3Msa 

^CPB©J5Kfi*^«:WW-r*K:«, 1 x l 0 10 atoms/cm 

«c*w*t/ y p >wgao«e»{b©J»WK:tt6a^ J: 

5CCT*fc*0Ctt % 5 x 1 0 1 5 atoms/on 3 £TF<tT£(D 

[0 0 1 1 ] S6(cc©»^ a*^3k:lEi£U/cj:^ 
40 Jc, f 3 ^7^^fttcJ:or^F-7l/c>y 

^7SS^:, 1 x 1 0 13 -1 x l 0 14 atoms/cm 5 tdT^C 

[0 0 12] Ctltt, ^iSS^l x 1 0 13 atoms/cm 5 

tiztctb. m%.kii o o o*ctt±<DiSiarxf^4 i ^+ 

50 g^lxiO'I/ai^aii^^xt^^ti^x- 
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tc s ^MW^ifil x 1 O l 4 atoms/an 3 KTt*n» 4 X 

tr**t/*;mcc»«sti4SW5aB (SF) 

^^sfSftBMitit sbr#h«T'C8 

OOO'C, 16l^(D«ai^f^J:^4i!!a<DCi4 

?jv**-mcj:-, xmmz f - ^ l * v y ^ > a 

18ppma (JEIDA: B*^IiSM 

««ts c ±&x% £ u OT»rcE>iW#f hj«©»j« 
[ooi4] S6«c, m#mstcKm*itJ:5ic* 

VZmtc, s/y n>#ttfi^xw^c9 0 0 # C— >y a 

C(D£5K:, xt*£^*;l,jl£^T£mffc:, ^'i^ 
VflMSfi? *-^K: 9 0 0 °c^> y n >CDSk*«T©S 

[0 0 15] lf^6K:IBiSL;fc£5KfufB 

ur, sMt< ti>3 o*WBff 5C£#EF£ 

Cci£<fciSjggJtXF§ ( O S F ) "«3&s«fi b t) t 

tit S/y3>«SI->x-;N(DJBW«, 0. IB- 
onKJbfcTSC <t t Ltc. *»?8(D»BS*ffitt. CO «t 
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nsxt^^t^y ^ >#jsji $ x * 

[ooi7]* ur, *^©KS^rar»[jSsn/t^ 
■j3>fg B ^x-^ (ft«3S8) Brass 

io 90d:^K:, xt^^^t^'J^^S^x-At 
y ^ >$i H m^7 -r * l xnhtifczs y n >* 

[0018] *LT, CCDit^, flfe&Sl 0<D<fc5(C v 
^ynv^Sft^x-^oSBRMffi*. lxi0 19 -5 
XI O^atons/crfiU *Sl,>tt»#3Bl l©<fc9fc: 
1 x 1 0 ia -l x 1 O^atoms/a^^-r^Ci^r^ 
20 tCD<£5ic, aWCca3RF-^**«W3tlft:^y 
a>$g B a a ^x^(cif^^t;HW?nfcx 
b'£^>*;u^x~/^;f v xt'3? t'>t;H0i6 H 9 0 ft^ 

[0019] »CC % «*3B1 1 £i2iSL<?Ccfc5fc:> *>y 
nyf^^xwMDifgg?:, ixi0 13 -ixi 

0 i4 atoms/an 3 tLtci&Ste. fSSSS 1 2 KIBiSLfticfc 
xtf* + ^ir^JBSffiCD^IBaffi*0. 3<@/an 2 
aT<fcT4C4*sr*S. C0D<fc5K;^18<Dxfcr$r* 

5. c(D<t^^m^xfc-^^^^;b@(D*SB^ , ec»/c*, 

[0 02 0 ] *te«l«311 3©<t5(c % S/9a>*i« 
»?x-^CDK*?SS*, 18ppmaOTincifc 

r^^o ccDcfc^w:, msme^<Oiy y 3 >^s^ x 
±0, xtr**^^^»(Dttfttt«:sUH»*s4D*ci 

[0 02 1 ] 4cd£5K:, mflB-> y n > 

iwiii-^it xt- dt^^^0Ls^<ommvnam 

i 0 »«3tiil«*fai»©SSD5S 1 x 10'fl/ 
on-jyicb^^SODS^Wtfi^^y =2>#^«©as- 

50 grovnt^iiti, ^ y n >JmMK5lft±#%tt. ^ 



[002 2] ##6 m Oiff^VtJ^'Ja >4US A -f 
i*&;fcst\ v y a >#*§A*£fiR£i* t»-fciE^©as-gro 
£ . -ecDfca6SS©i f 3? * is + ;H&g£ fcc^ot 

[0 0 2 3] C©*§^. fg*^l 5CCBttLfcJ:9«C. 

&m%i&i&T si?{c 900 "c~^> y =i >©n*kiT©s 

tcJBrtStisaHW^B (SF) ©J^ft^RS©^* 5 *? 

^©amswcx f * + ji/JB*sjbe£S nr t^s x t* * 
+ix * ;t^> y n > #*§A3 i-^-c*nu. -> y n >m 
lSA**-^©*ilW:*AXR#*i»»T4>tt<. 

s&r{£t>fc©£;fts. 

[0024] iSfc. C ©*§-£§**:« 1 6 KiSttUteJ: "5 
(C. USB^y=l>*gA , 5x-.'\3&S v SUfSPtCXb** 

cne©ig-^**^#H^T-c. 4>ft< <t*>3 o#r^©^, 

#HMTTf^MS*SS3n?ct©r*n}i. 

j: 0 ^x-7^M5CO S F ©^£*>)&«^©SUgb&5:S: 

A C 4 «<Cl>. $ 6 (ClRfe3B*mB4>tt < £ t. 3 0 U>« 

[0 0 2 5] -5-l/T. §9*51 7(CfeigUfc«fc^«:, 

B*0(8T5^©l&#jaMlK:tet»-C. ^x-^gyggflcD 
^PSlf^Xd30. 1 3 5ymJii±©XRISS^0. 12 
<i/cm'«T-C > *>og^rtBS»«iS{c «fc S ^RSSnSM 
3R*t &&&&& 1 x 1 0' ®/att J^Ltift £ fe©£ 

[0 02 6] C©«t^K:$^i<Dxf$^>t;k>';n 
>#ISAf x-'S*, xh-$*^-p;b@*^fiSrsl>r© 
■?x-."« v ^-©^glJtcfcti-rt*. 0. 135/xmti 
±©5«I*BE*» 0 . 12 ffi/an 1 «T £ . ^ffi©^ XR 
C^&£feteSS«n:/jN;*ftfc©£ft-2>. — rOU^SB 
Tl««fffi«*5 i x l 0'ffl/an^Xt£A;*ft€> 
© £ ft S fcg>. x b £ * ix + ->l/ V y 3 >$M* A? x - ^ 
©SUIgB© x tf * * 5/ + tt*§Jltt# * frsfcT £U7 "C 
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3£M7ffttttft*s * t>*r ei>6 © £ ft 5 . 
[0027] $fc. 16*311 8tCiEj£t/fc.<fc5K:. xb 
5? * 1/ + A, is y 3 > *J& A "5 x- - ^ © ~> y a A f 
x-^©ffita^#0. 1 Q • anJ£LL£T£C £#■?§- & 
fci*. fiE©CMOSfA-f?ffl©if$ + ->t;l/>"J 
a>*eA*x-^«:a«T-5C£*«'e*. h F- 

f > ^©ms*sec p tc < < . £fitt©SEt> iwt^ 

+. y n >#^A^ x-^ t ft -5. 

[0028] &cr, *»?uc-3(,»-cs 6tcBarrs*«. 

CZSKJ:r»Ti/!>a ^JUSAWfiW fC^ISt £ F - 

ya>^A^x-7v*S^-rSfcfe©S^^x- 

&llPRI«waK*w»r/hsi»ttAttK:«*ifci e 
-> r y 3 >mm a^ x -/> *«^stt-c^s 

20 [0029] -Tftfc*;. y a>*»A4itc K— 

*WW««J»WS<tt*Ci3WJSa3ftr«r>S <T.Abe 
andH.fakeno.Mat .Res . Soc . Symp . Proc . Vol . 262 , 3 , 1992 

[0 03 0] L-fc&s-^-C. CZS(C«k , 3->y n>#feA 

y 3 >4USA43 £UCti&MJLL-C is y n 
30 M,Vx--"&mZ>C£&-C$2>. ^lTC©>>y3>f 

-S cite it). SPK^SS-cfe^^F-^Lruft 

^oiliLT, *t>»rS#JS^KiB)^fil©^>ftt»x 

[003 U* or . c©<fc -5 ^c-> y svju&aWjAb? 

a, /c£Affi**o>aSSr*- 3 'rfeiiii<^^^y>^ 

Lfcx b'^r -r^is y a > -i;x-7N?riSt-r 5 C 
t#T-£S„ */c. c©«fc^{c{£^n>|gg©S«affl 
icx b^*->+;l,fi£S^T^«, h F- tf> y©w 
^*5^Dftt,^ca>. K-b->^{c*f1-S^mfe^F 
itfgiftt). ^SttfcJzD-'^^ h©^#*s»i^-C^S. 
[0032] 

F - ^ L tcis y 3 >«IS A«« WEST 5KB, 08 
^.«^BS6 0-2 5 1 1 9 0-5§{CiSigi*tt-C<,>.2»<J:*> 
so &&*DewBrffi«:J:*itfJSl«f». 
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[00 3 3 ] •*"&*> 5. C Zmt. BSS^yaK+JCftS 

stut^ma^ y 3 >jsw©i!i«(c«s»*fia* si* . 

~> y p > JMi*»* WdW tt&nib 4 # . * 6 C » 
53EA-*> jW3«eMt«*A*vr < ~> y 3 >M$^tJ 

fi«CiKJ:ot, 5l*JbWIS**«:aER*K-^" 
«Ci*5tt^ COB*. Sft«I©**4t»«S3R* 

[0 0 34] C©<fc5{C. CZSKJ:oT«^l4t 
fiW-SBHc* Sfl5*F CifcJ-oT. *A3ft 
•5>Gr own- i n^©J5Sfi*««W3-&*C4*i-C* 
4 4 4 fete', ^y3>4«D"^m^©"giffi*®eU m 

[0 03 5] fiBR*t"J'3>4USa4>«:F-^r*i. 20 
y a >*©iKlWT<0WIWi|WtS ft. m^ttHMK 

K^ff-rs/cfe-c^-si^^ft-s.. se-o-c. f-t-t 

X 1 O lo atoms/cm'«±{C-r4CD*i0$OI,^ CftfCj: 
X 1 0 1 5 atons/orf >m^ B a B ©«S 

^fb-e©fe©*iS«SftS©-c, c©iSg*SjL&i,>J: 30 
5K-r£C4#£?SL<A, 

[0036] z bic. wmmm.it i x i o i3 ~i x i o 

" atoms/an 5 fCT-SC tA». Cfttt. 

dsi x 1 0"atoms/cm J «±-C$)ft{i. iSfi-C^-"-^ 
SWW^as^rowrVK^^K^SftS/c*, «X 
5J 1 0 0 0 •CtLLWiSS-ei f * f /UifeBfcfTo T 

*WHrt«fl»* 1 x 1 0 , M/cm > «J-4*Sxf **is 
+)VV3L^^ZJ:r)fm«:rm?ZC£&-CZ> item 
WjM&tfi 1 X 1 0 1, atans/cirftn r 'C&ftfce> lf$f 40 

w*»fc*s*;*ft3SW*l* (SF) & 4*©fe£*RS 
«^L<«lMSft5*6-C&4. &*J. as-growrtbSI-C 

asi-fetr-? ■tc&<Dwm#Ttiim&z$>m-t s c <t - c «c y . 

[0 037] £/c. #J£I5J-C«\ CZffiKJ:-7t^ 

F— 7*1/ ~> y 3 > *|&a*« WftST * BHC , 
K^WSftSBWiftK*. 1 8 p pmaJMTKTiOJJJ 
»* U». 5" y 3 >^ B B B 4i©^r5a^ 1 8 p p m a 
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mrtimm(oxm^ y 3 >w6a&kwtcj&i8i2 ft^-r 

<&£©-?. C©J:5(cffi-SBg4-rft«. ^ffiJl-C©^ 

?ft£©t\ (HBR4i/rfe+»«cy»*y>*^!W* 
#£»T5C4*5ttJ3fe£. 

[0 03 8]-> U a wjaws»«:. £#3 

ft-SK«zIS ; £:_bffi®HK:{STS-i±-S>^ , J. 
«(MSft-r«,»*-»ffi«:j:ftjarjn,>. *s>*Bli 

<) 3 >^©SS^?&*jd:a9srjS©iEf^f©^S{c < J: 

[0039] it, c zmnc$5t,=>-cmM.igi£<Dmm 
& F-7-?ft. MHARS^^^i i t>tcmm&x.e>m 
m*^-rz. ^ya>«wft»*jf»6fts. cft^st 

-^©^BfSlgt , ^^'( > ^L//c^ ®IRy. 7^f> 

x ? ^>^. fF^©i-g*^r^y3>^iteg^ 

fiXSliSOEttffiSftT^i. 
[0 04 0] xeir*S>*Jt'JEaEft*ff5WK:. 

e>ft/o y =I>^s^x->'^(c 900 •c~->y 3><d 

SL*«T©Sg©MMS^JHIA4C4^i!fSL^. C© 
y i/ y 3>#*s«^i-^«ii©S^IW^**t» 
[004 1 ] ^y3>#fe H |^i-/N^®CD^?:i1-^ 
^^iSai x-/^M)l©x f ^ ;W! 4 

ti«t-K*3&swm l . c ft -ca-y < ^p6©»j&k: «t y . 

xK-**5' + >l*KM»*RHf-rc& (SF©^^C 
[0042] C©Jg^. *^©^ y 3 Vrti-co^t^g 

tt. ^«ty^L<3ii^©-r. j»Af!S-SrJn*4ciK:«fc 
dT, ii^K:*"S©'am?:^^4i;fS!-r4::<t*sr*4. 
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CLAIMS 



[Claim(s)] < 
[Claim 1] How to manufacture the epitaxial silicon single crystal wafer characterized by forming an 
epitaxial layer in the surface section of this silicon single crystal wafer after raising the silicon single 
crystal rod which doped nitrogen with the Czochrlski method in the approach of manufacturing an 
epitaxial silicon single crystal wafer, slicing this silicon single crystal rod and processing it into a 
silicon single crystal wafer. 

[Claim 2] How to manufacture the epitaxial silicon single crystal wafer indicated to claim 1 
characterized by making into 1x1010-5x1015 atoms/cm3 nitrogen concentration doped on this 
single crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski 
method is raised. 

[Claim 3] How to manufacture the epitaxial silicon single crystal wafer indicated to claim 1 or claim 
2 characterized by making into 1x1013-1x1014 atoms/cm3 nitrogen concentration doped on this 
single crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski 
method is raised. 

[Claim 4] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of 
claim 1 characterized by setting to 18 or less ppmas the oxygen density between grids contained on 
this single crystal rod in case the silicon single crystal rod which doped nitrogen with said Czochrlski 
method is raised thru/or claim 3. 

[Claim 5] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of 
claim 1 characterized by adding heat treatment of the temperature below the melting point of 900 
degrees C - silicon to said silicon single crystal wafer before forming an epitaxial layer in the surface 
section of said silicon single crystal wafer thru/or claim 4. 

[Claim 6] Said heat treatment is the approach of manufacturing the epitaxial single crystal wafer 
indicated to claim 5 characterized by carrying out for at least 30 seconds by making hydrogen, inert 
gas, or these mixed gas into an ambient atmosphere. 

[Claim 7] How to manufacture the epitaxial silicon single crystal wafer indicated in any 1 term of 
claim 1 characterized by making the resistivity of said silicon single crystal wafer into 0.1 or more 
ohm-cm thru/or claim 6. 

[Claim 8] The epitaxial silicon single crystal wafer manufactured by the approach indicated to claim 
1 thru/or claim 7. 

[Claim 9] It is the epitaxial silicon single crystal wafer characterized by being that by which the 
epitaxial layer is formed in the surface section of the silicon single crystal wafer which is an epitaxial 
silicon single crystal wafer, sliced the silicon single crystal rod which this epitaxial silicon single 
crystal wafer doped nitrogen with the Czochrlski method, and was raised, and was obtained. 
[Claim 10] The epitaxial silicon single crystal wafer indicated to claim 9 to which nitrogen 
concentration of said silicon single crystal wafer is characterized by being 1x1010-5x1015 
atoms/cm3. 

[Claim 11] The epitaxial silicon single crystal wafer indicated to claim 9 or claim 10 to which 
nitrogen concentration of said silicon single crystal wafer is characterized by being 1x1013-1x1014 
atoms/cm3. 

[Claim 12] The epitaxial silicon single crystal wafer characterized by being the epitaxial silicon 
single crystal wafer indicated to claim 11, and the defect density on the front face of an epitaxial 
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layer being two or less [ 0.3 //cm ]. 

[Claim 13] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which the 
oxygen density between grids of said silicon single crystal wafer is characterized by being 18 or less 
ppmas thru/or claim 12. 

[Claim 14] Said silicon single crystal wafer is an epitaxial silicon single crystal wafer indicated in 
any 1 term of claim 9 characterized by having a number of precipitation-of-oxygen nuclei with 
which the consistency of the oxygen sludge formed of the oxygen precipitation heat treatment after 
epitaxial growth becomes three or more [1x108 //cm ] in the state of as-grown of a silicon single 
crystal rod thru/or claim 13. 

[Claim 15] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which it is 
characterized by the ability to add heat treatment of the temperature below the melting point of 900 
degrees C - silicon before said silicon single crystal wafer forms an epitaxial layer in the surface 
section thru/or claim 14. 

[Claim 16] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which it is 
characterized by the ability to add heat treatment for at least 30 seconds under hydrogen, inert gas, or 
these mixed-gas ambient atmospheres before said silicon single crystal wafer forms an epitaxial 
layer in the surface section thru/or claim 15. 

[Claim 17] Said silicon single crystal wafer is an epitaxial silicon single crystal wafer indicated to 
claim 15 or claim 16 characterized by defect density 0.135 micrometers or more being that from 
which the oxygen sludge consistency in which the defective size of the wafer surface section is two 
or less [0.12 //cm ], and is formed by oxygen precipitation heat treatment after heat treatment before 
forming an epitaxial layer in the surface section becomes three or more [ 1x108 //cm ]. 
[Claim 18] The epitaxial silicon single crystal wafer indicated in any 1 term of claim 9 to which the 
resistivity of said silicon single crystal wafer is characterized by being 0.1 or more ohm-cm thru/or 
claim 17. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has little harmful heavy-metal high impurity concentration, 
and there are little manufacture approach of an epitaxial silicon single crystal wafer excellent in 
crystallinity and heavy-metal high impurity concentration, and it relates to the epitaxial silicon single 
crystal wafer excellent in crystallinity. 
[0002] 

[Description of the Prior Art] The epitaxial silicon single crystal wafer has been used for many years 
as a wafer which manufactures an individual semi-conductor, a bipolar IC, etc. widely from the 
outstanding property. Moreover, MOS Also about LSI, since the soft error and the latch rise property 
are excellent, it is widely used for the microprocessor unit or the flash plate memory device. 
Furthermore, in order to reduce the poor dependability of DRAM by the so-called Grown-in defect 
introduced at the time of silicon single crystal manufacture, the need of an epitaxial silicon single 
crystal wafer is expanded increasingly. 

[0003] If a heavy-metal impurity exists on the epitaxial silicon single crystal wafer used for such a 
semiconductor device, the poor property of a semiconductor device will be started. The heavy-metal 
impurity with which especially the air cleanliness class needed for the latest device is considered to 
be two or less 1x109 atoms/cm, and heavy-metal high impurity concentration exists on a silicon 
wafer must be decreased as much as possible. 

[0004] The importance of a gettering technique is becoming still higher as one of the techniques 
which reduces such a heavy-metal impurity. Conventionally, the substrate of high boron 
concentration with the high gettering effectiveness (for example, three or more 3x1018 atoms/cm, 
0.02 ohm-cm or less) is used for manufacture of an epitaxial silicon single crystal wafer, therefore 
the high device yield was obtained compared with the silicon single crystal wafer of the usual 
resistance by which the epitaxial silicon single crystal wafer was manufactured with the Czochrlski 
method. 

[0005] However, the inclination for the substrate of low boron concentration to be conventionally 
used as a substrate of the epitaxial silicon single crystal wafer for CMOS devices is becoming high 
recently, and the problem that gettering capacity is low compared with the substrate of high boron 
concentration has arisen. Moreover, even if it is the substrate of high boron concentration, depending 
on concentration, gettering deficiency in performance poses a problem. 

[0006] Moreover, there is a problem of the impurity which resistivity evaporated from the substrate 
in epitaxial growth to the substrate of the high boron concentration of less than 0.1 ohm-cm being 
again incorporated by the epitaxial layer, or becoming easy to generate the autodoping by which an 
impurity is incorporated by solid phase out-diffusion in an epitaxial layer from a substrate front face. 
By this autodoping, a cure, such as carrying out CVD coating of the substrate by Si02, since the 
resistivity of an epitaxial layer changes, is required, and it had become the cause of worsening 
productivity and cost. 
[0007] 

[Problem(s) to be Solved by the Invention] In view of such a trouble, it succeeded in this invention, 
and it raises the gettering capacity of the substrate of high boron concentration as a substrate of an 
epitaxial silicon single crystal wafer, and also in the substrate of low boron concentration, heavy- 
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metal high impurity concentration is low with high gettering capacity, and it sets it as the main 
purpose to offer the manufacture approach which is a sex from Takao and produces simply the 
epitaxial silicon single crystal wafer excellent in crystallinity. 
[0008] 

[Means for Solving the Problem] In the approach of manufacturing an epitaxial silicon single crystal 
wafer, after invention indicated to claim 1 of this invention in order to solve the above-mentioned 
technical problem raises the silicon single crystal rod which doped nitrogen with the Czochrlski 
method, slices this silicon single crystal rod and processes it into a silicon single crystal wafer, it is 
the approach of manufacturing the epitaxial silicon single crystal wafer characterized by forming an 
epitaxial layer in the surface section of this silicon single crystal wafer. 

[0009] Thus, it sets to the approach of manufacturing an epitaxial silicon single crystal wafer. The 
silicon single crystal rod which doped nitrogen with the Czochrlski method is raised. If an epitaxial 
layer is formed in the surface section of this silicon single crystal wafer after slicing this silicon 
single crystal rod and processing it into a silicon single crystal wafer Since precipitation of oxygen is 
promoted by existence of nitrogen in the bulk section of a silicon single crystal wafer While boron is 
not doped to high concentration but ** also has the high gettering effectiveness at the time of the 
epitaxial stratification Gettering capacity can be raised also in the substrate of high boron 
concentration, and the epitaxial silicon single crystal wafer which has the very low epitaxial layer of 
heavy-metal high impurity concentration can be manufactured. 

[0010] In this case, as indicated to claim 2, in case the silicon single crystal rod which doped 
nitrogen with the Czochrlski method is raised, it is desirable to make into 1x1010-5x1015 
atoms/cm3 nitrogen concentration doped on a single crystal rod. This is because it is desirable to 
consider as three or less 5x1015 atoms/cm in order to fUlly control growth of the crystal defect in a 
silicon wafer with nitrogen and to make it it not become the hindrance of a desirable thing and 
single-crystal-izing of the silicon single crystal in the Czochrlski method to make it three or more 
1x1010 atoms/cm. 

[001 1] As furthermore indicated to claim 3 in this case, in case the silicon single crystal rod which 
doped nitrogen with the Czochrlski method is raised, it is desirable to make into 1x1013-1x1014 
atoms/cm3 nitrogen concentration doped on a single crystal rod. 

[0012] Since it is formed certainly in the state of as-grown when nitrogen concentration was three or 
more 1x1013 atoms/cm, immediately after the precipitation-of-oxygen nucleus stable at an elevated 
temperature made the silicon single crystal rod raise by this, For example, it is because the epitaxial 
wafer with which an oxygen sludge consistency becomes three or more [1x108 //cm ] after the 
oxygen precipitation heat treatment after epitaxial growth can be produced more certainly, without a 
precipitation-of-oxygen nucleus disappearing, even if it performs epitaxial growth at an elevated 
temperature 1000 degrees C or more. Moreover, it is because crystal defects, such as a stacking fault 
(SF) formed in an epitaxial layer, will be remarkably controlled if nitrogen concentration is three or 
less 1x1014 atoms/cm. In addition, the oxygen precipitation heat treatment in this invention means a 
thing of processing which performs 1000 degrees C and heat treatment of 16 hours under an oxygen 
ambient atmosphere, after performing 800 degrees C and heat treatment of 4 hours for example, 
under nitrogen-gas-atmosphere mind. 

[0013] Moreover, as indicated to claim 4, in case the silicon single crystal rod which doped nitrogen 
with the Czochrlski method is raised, it is desirable to make below into 18ppma (JEIDA: Japan 
Electronic Industry Development Association specification) the oxygen density between grids 
contained on this single crystal rod. Thus, since formation of the crystal defect in hypoxia, then a 
silicon wafer can be controlled and formation of the oxygen sludge in a surface layer can also be 
prevented, it is also rare for a bad influence to arise in the crystallinity of an epitaxial layer. On the 
other hand, in the bulk section, since precipitation of oxygen is promoted by existence of nitrogen, 
the gettering effectiveness can fully be demonstrated also as hypoxia. 

[0014] Furthermore, as indicated to claim 5, before forming an epitaxial layer in the surface section 
of a silicon single crystal wafer, it is desirable to add heat treatment of the temperature below the 
melting point of 900 degrees C - silicon to a silicon single crystal wafer. Thus, since out-diffusion of 
nitrogen and oxygen of a silicon single crystal wafer front face can be carried out and the crystal 
defect of a silicon single crystal wafer surface layer can be extremely lessened if heat treatment of 
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the temperature below the melting point of 900 degrees C - silicon is added to a silicon single crystal 
wafer before forming an epitaxial layer, it can prevent a bad influence arising in the crystallinity of 
an epitaxial layer. Moreover, sufficient gettering effectiveness is acquired, without it seeming that a 
deposit nucleus will dissolve and a deposit will not take place when hot heat treatment which forms 
an epitaxial layer is performed. 

[0015] In this case, as indicated to claim 6, as for said heat treatment, it is desirable to carry out for at 
least 30 seconds by making hydrogen, inert gas, or these mixed gas into an ambient atmosphere. 
Thus, if ambient atmospheres are hydrogen, inert gas, or these mixed gas, an oxidation induction 
stacking- fault (OSF) nucleus can grow up to be a wafer front face by heat treatment, or out-diffusion 
of oxygen and nitrogen on the front face of a wafer can be certainly carried out so that membrane 
formation cannot arise, and the crystal defect of a wafer surface layer can be decreased. Moreover, as 
heat treatment time amount, if it carries out for at least 30 seconds, the effectiveness of heat 
treatment can be raised enough. 

[0016] And in invention indicated to claim 7 of this invention, it was presupposed that the resistivity 
of a silicon single crystal wafer is made 0.1 or more ohm-cm. Since an epitaxial wafer with low 
heavy-metal high impurity concentration can be manufactured according to the high gettering 
effectiveness even if it uses a silicon single crystal wafer with such low boron concentration of high 
resistivity, the manufacture approach of this invention is applicable enough, even if it is the case 
where the epitaxial silicon single crystal wafer of which high resistivity is required by the substrates 
for CMOS devices etc. is manufactured. Moreover, if it is low boron concentration, since it is hard to 
produce autodoping, the processing to autodoping also becomes unnecessary, and the improvement 
of productivity and cost can be expected. 

[0017] And like claim 9 in the silicon single crystal wafer (claim 8) manufactured by the 
manufacture approach of this invention, it is an epitaxial silicon single crystal wafer, and the 
epitaxial layer is formed in the surface section of the silicon single crystal wafer from which this 
epitaxial silicon single crystal wafer sliced the silicon single crystal rod which doped nitrogen and 
was raised, and was obtained by the Czochrlski method. 

[0018] And in this case, like claim 10, nitrogen concentration of a silicon single crystal wafer can be 
made into 1x1010 - 5x1015 atoms/cm3, or can be made into 1x1013 - 1x1014 atoms/cm3 like claim 
11. Thus, the epitaxial wafer which had the epitaxial layer formed in the silicon single crystal wafer 
by which the amount of nitrogen dopes was controlled appropriately becomes that whose 
crystallinity of an epitaxial layer improved further. 

[0019] As were especially indicated to claim 1 1 and it indicated to claim 12 when nitrogen 
concentration of a silicon single crystal wafer was made into 1x1013 - 1x1014 atoms/cm3, defect 
density on the front face of an epitaxial layer can be made or less [ 0.3 //cm ] into two. Thus, the 
epitaxial silicon single crystal wafer of this invention can make certainly defect density on the front 
face of an epitaxial layer very as small 0.3 pieces/cm a thing as 2, when it is having nitrogen of 
optimum dose doped. Thus, when this epitaxial wafer is used for device production for the 
crystallinity of a high epitaxial layer, degradation of an oxide film proof-pressure property etc. 
cannot take place easily, and the yield of device production can be raised remarkably. 
[0020] Moreover, the oxygen density of a silicon single crystal wafer can also be set to 18 or less 
ppmas like claim 13. Thus, if it is the epitaxial wafer which had the epitaxial layer formed in the 
front face of the silicon single crystal wafer of hypoxia concentration, it is also rare for a bad 
influence to arise in the crystallinity of an epitaxial layer by formation of the oxygen sludge in a 
surface layer. On the other hand, in the bulk section, since precipitation of oxygen is promoted by 
existence of nitrogen, it fully has the gettering effectiveness also as hypoxia. 
[0021] Still like claim 14, said silicon single crystal wafer shall have a number of precipitation-of- 
oxygen nuclei with which the consistency of the oxygen sludge formed of the oxygen precipitation 
heat treatment after epitaxial growth becomes three or more [ 1x108 //cm ] in the state of as-grown 
of a silicon single crystal rod. An as-grown condition means the thing in the condition that heat 
treatment is not performed at all, or the condition that only annihilation-of-oxygen-donor heat 
treatment usually performed was performed here, after pulling up a silicon single crystal rod. 
[0022] In order that the epitaxial silicon single crystal wafer of this invention may dope nitrogen and 
may grow up a silicon single crystal rod, it has many stable precipitation-of-oxygen nuclei at the 
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elevated temperature in the as-grown condition immediately after growing up a silicon single crystal 
rod. Therefore, an oxygen sludge consistency shall have the high gettering effectiveness it is 
ineffective to three or more [1x108 //cm ] after the precipitation heat treatment after epitaxial 
growth, without a precipitation-of-oxygen nucleus disappearing, even if it performs hot epitaxial 
growth. 

[0023] In this case, as indicated to claim 15, before said silicon single crystal wafer formed the 
epitaxial layer in the surface section, heat treatment of the temperature below the melting point of 
900 degrees C - silicon should be added. If it heat-treats before epitaxial growth, generating of a 
defect like the stacking fault (SF) formed in an epitaxial layer will be controlled. Therefore, if it is 
the epitaxial silicon single crystal wafer with which the epitaxial layer is formed in the surface 
section of such a silicon single crystal wafer, the surface section of a silicon single crystal wafer has 
very few crystal defects, and since the bulk section has the high gettering effectiveness, the epitaxial 
layer of the surface section of an epitaxial silicon single crystal wafer will have very good 
crystallinity, and it will become what has very low heavy-metal high impurity concentration. 
[0024] Moreover, as indicated to claim 16 in this case, before said silicon single crystal wafer 
formed the epitaxial layer in the surface section, heat treatment for at least 30 seconds should be 
added under hydrogen, inert gas, or these mixed-gas ambient atmospheres. If it heat-treats under 
such an ambient atmosphere, bad influences, such as generating of OSF and membrane formation, 
will not reach a wafer front face by the heat treatment back. Furthermore, that what is necessary is 
just to give at least 30 seconds or more, since heat treatment time amount can be managed with 
short-time heat treatment, it can be processed for high productivity. 

[0025] And as indicated to claim 17, the oxygen sludge consistency in which defect density 0.135 
micrometers or more is two or less [ 0.12 //cm ], and the defective size of the wafer surface section is 
formed of oxygen precipitation heat treatment after heat treatment before said silicon single crystal 
wafer forms an epitaxial layer in the surface section shall become three or more [ 1x108 //cm ]. 
[0026] Thus, as for the wafer before the epitaxial silicon single crystal wafer of this invention forms 
an epitaxial layer, in 2 or less [ 0. 12 //cm ], and the size and the consistency of a defect, in the 
surface section, defect density 0.135 micrometers or more becomes a very small thing. On the other 
hand, in the bulk section, since an oxygen sludge consistency becomes 3 or more [ 1x108 //cm ] and 
a big thing, the epitaxial layer of the surface section of an epitaxial silicon single crystal wafer has 
very good crystallinity, and it becomes what has very low heavy-metal high impurity concentration. 
[0027] Moreover, since the resistivity of the silicon single crystal wafer of an epitaxial silicon single 
crystal wafer can consider as 0.1 or more ohm-cm as indicated to claim 18, it can apply to the 
epitaxial silicon single crystal wafer for the latest CMOS devices, the problem of autodoping cannot 
arise easily, and it becomes an epitaxial silicon single crystal wafer with high productivity. 
[0028] Hereafter, although this invention is explained further in full detail, this invention is not 
limited to these. By presenting the substrate wafer for manufacturing an epitaxial silicon single 
crystal wafer with the silicon single crystal wafer of the sex from Takao which has the high gettering 
effectiveness obtained by the technique which dopes nitrogen during silicon single crystal training 
by the CZ process, this invention scrutinizes a header and terms and conditions for the ability of the 
epitaxial silicon single crystal wafer which has the high gettering effectiveness and was excellent in 
crystallinity with very small heavy-metal high impurity concentration to be obtained by the sex from 
Takao, and completes this invention. 

[0029] That is, if nitrogen is doped in a silicon single crystal, condensation of the oxygen atom in 
silicon is promoted and it is pointed out that an oxygen sludge consistency becomes high (T. 3 Abe 
andH.Takeno, Mat.Res.Soc.Symp.Proc. Vol.262, and 1992). It is thought that this effectiveness is for 
the condensation process of an oxygen atom to shift to the ununiformity nucleation which used 
impurity nitrogen as the nucleus from homogeneity nucleation. 

[0030] Therefore, if nitrogen is doped in case a silicon single crystal is raised by the CZ process, a 
silicon single crystal and this with a high oxygen sludge consistency can be processed, and a silicon 
single crystal wafer can be obtained. And by growing up an epitaxial layer by using this silicon 
single crystal wafer as a substrate, the same oxygen density can also obtain a high oxygen sludge 
consistency compared with the substrate which has not doped nitrogen, and can grow an epitaxial 
layer with very few heavy-metal impurity defects as that result. 
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[0031] And since the silicon single crystal wafer which doped nitrogen and was manufactured in this 
way at the time of silicon single crystal training will have the high gettering effectiveness even if it is 
low boron concentration, even when growing up an epitaxial layer into a high resistance substrate 
front face, it can manufacture the epitaxial silicon wafer from which gettering of the heavy-metal 
impurity was carried out, and it was removed. Moreover, if epitaxial growth is performed on the 
substrate front face of low boron concentration in this way, since the problem of autodoping will not 
arise, the cure to autodoping also becomes unnecessary and the improvement of productivity and 
cost can be expected. 
[0032] 

[Embodiment of the Invention] What is necessary is to just be based on a well-known approach 
which is indicated by JP,60-251 190,A in this invention, in order to raise the silicon single crystal rod 
which doped nitrogen by the CZ process. 

[0033] That is, although a CZ process is an approach of pulling up slowly and raising the silicon 
single crystal rod of a request diameter, contacting seed crystal to the melt of the polycrystalline 
silicon raw material held into the quartz crucible, and rotating this, it can dope nitrogen during a 
raising crystal by putting in the nitride in the quartz crucible beforehand, throwing in a nitride in 
silicon melt, or making a controlled atmosphere into the ambient atmosphere containing nitrogen etc. 
Under the present circumstances, the amount of dopes under crystal is controllable by adjusting 
concentration or installation time of the amount of a nitride, or nitrogen gas etc. 
[0034] Thus, in case a single crystal rod is raised by the CZ process, while being able to make 
growth of the Grown-in defect introduced by doping nitrogen control, condensation of the oxygen 
atom in silicon can be promoted and an oxygen sludge consistency can be made high. This approach 
does not have to make a raising rate late, using the conventional manufacturing installation, since it 
is the approach of enforcing easily, does not newly need extension of a manufacturing installation 
etc., but can manufacture a silicon single crystal for high productivity. 

[0035] If nitrogen is doped in a silicon single crystal, it will be thought that the reason condensation 
of the oxygen atom in silicon is promoted and an oxygen sludge consistency becomes high is for the 
condensation process of an oxygen atom to shift to the ununiformity nucleation which used impurity 
nitrogen as the nucleus from homogeneity nucleation as above-mentioned. Therefore, as for the 
concentration of the nitrogen to dope, it is desirable to make it three or more 1x1010 atoms/cm 
which fully causes ununiformity nucleation. An oxygen sludge consistency can be made high enough 
by this. If nitrogen concentration exceeds 5x1015 atoms/cm3 which is a solid-solution limit 
community in a silicon single crystal, since the single-crystal-izing of a silicon single crystal itself 
will be checked on the other hand, it is desirable to make it not exceed this concentration. 
[0036] Furthermore, as for nitrogen concentration, it is desirable to make it 1x1013 - 1x1014 
atoms/cm3. If nitrogen concentration of this is three or more 1x1013 atoms/cm, since a stable 
precipitation-of-oxygen nucleus will be certainly formed in the state of as-grown at an elevated 
temperature, For example, without a precipitation-of-oxygen nucleus disappearing, even if it 
performs epitaxial growth at an elevated temperature 1000 degrees C or more Can produce more 
certainly the epitaxial wafer with which an oxygen sludge consistency becomes three or more 
[1x108 //cm ] after precipitation heat treatment, and if nitrogen concentration is three or less 1x1014 
atoms/cm It is because crystal defects, such as a stacking fault (SF) formed in an epitaxial layer, are 
controlled remarkably. In addition, although the precipitation-of-oxygen nucleus in an as-grown 
condition cannot be measured directly, it can evaluate indirectly by measuring the precipitation-of- 
oxygen consistency after performing precipitation heat treatment. 

[0037] Moreover, in case the silicon single crystal rod which doped nitrogen by the CZ process is 
raised in this invention, it is desirable to set to 18 or less ppmas the oxygen density contained on a 
single crystal rod. If the oxygen density in a silicon single crystal exceeds 18ppma(s), since the 
defect of the oxygen sludge to which the crystallinity of an epitaxial layer is reduced will become 
that it is easy to be formed in a silicon single crystal front face, formation of hypoxia, then the 
oxygen sludge in a surface layer can be prevented in this way, and it can prevent a bad influence 
arising in the crystallinity of an epitaxial layer. On the other hand, in the bulk section, since 
precipitation of oxygen is promoted by existence of nitrogen, the gettering effectiveness can fully be 
demonstrated also as hypoxia. 
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[0038] In case a silicon single crystal rod is raised, the method of reducing the oxygen density to 
contain in the above-mentioned range should just be based on the approach commonly used from the 
former. For example, it can consider as the above-mentioned oxygen density range easily with 
means, such as temperature distribution of reduction of a crucible rotational frequency, the increment 
in an introductory quantity of gas flow, the fall of the ambient pressure force, and silicon melt, and 
adjustment of the convection current. 

[0039] In this way, the nitrogen of request concentration is doped in a CZ process, and while there 
are few crystal defects, the silicon single crystal rod containing the oxygen of request concentration 
is obtained. After slicing this according to the usual approach with cutting equipments, such as an 
inner circumference cutting-edge slicer or a wire saw, it is processed into a silicon single crystal 
wafer through processes, such as beveling, wrapping, etching, and polish, of course — ** these 
processes remain for having carried out instantiation listing, in addition may have various processes, 
such as washing and heat treatment, — modification of the order of a process part — according to the 
purposes, such as an abbreviation, modification use of the process is carried out suitably. 
[0040] Next, before performing epitaxial growth, it is desirable to add heat treatment of the 
temperature below the melting point of 900 degrees C - silicon to the obtained silicon single crystal 
wafer. Out-diffusion of nitrogen and oxygen of a silicon single crystal wafer front face can be carried 
out by performing this heat treatment, before forming an epitaxial layer. 

[0041] Out-diffusion of the nitrogen of a silicon single crystal wafer front face is carried out for 
oxygen depositing according to the precipitation-of-oxygen facilitatory effect of nitrogen in the field 
which forms the epitaxial layer of a silicon single crystal wafer surface layer, and preventing the 
things (generating of SF etc.) for which it has a bad influence on an epitaxial layer by formation of 
the defect based on this. 

[0042] In this case, since the diffusion rate in the inside of the silicon of nitrogen is more remarkably 
[ than oxygen ] quick, it can carry out out-diffusion of the surface nitrogen certainly by adding heat 
treatment. As conditions for concrete heat treatment, it is desirable to carry out more preferably in a 
1 100 degrees C - 1250 degrees C temperature requirement below the melting point of 900 degrees C 
- silicon. Since out-diffusion also of the oxygen can be carried out to coincidence while fully being 
able to carry out the out-diffusion of the nitrogen of a silicon single crystal wafer surface layer by 
heat-treating in such a temperature requirement, generating of the defect resulting from the oxygen 
sludge in a surface layer can be prevented nearly completely, and it can prevent a bad influence 
attaining to the crystallinity of an epitaxial layer. 

[0043] Moreover, if the above-mentioned heat treatment is not performed but elevated-temperature 
heat treatment for direct epitaxial growth is added before performing epitaxial growth when nitrogen 
concentration is low Although a precipitation-of-oxygen nucleus dissolves, a deposit does not fully 
take place by subsequent heat treatment and the gettering effectiveness may not be acquired If the 
above heat treatments are performed before performing elevated-temperature heat treatment of 
epitaxial growth, gettering effectiveness sufficient at the time of the epitaxial stratification can be 
acquired, and the very low epitaxial silicon single crystal wafer of heavy-metal high impurity 
concentration can be obtained. 

[0044] Especially as an ambient atmosphere at the time of carrying out this heat treatment, it may not 
be limited and you may be oxygen etc. depending on inert gas, such as hydrogen or an argon, or 
these mixed gas, and the case. However, when an ambient atmosphere is oxygen, according to heat 
treatment conditions, the OSF nucleus on the front face of a wafer may be grown up, and an oxide 
film may be formed by the front face. Since the process which removes this oxide film is needed 
when an oxide film is formed in a front face, the ambient atmosphere without film formation, such as 
hydrogen and an argon, is more desirable. 

[0045] Moreover, if heat treatment time amount uses the rapid heating and quick cooling equipment 
using heating methods, such as a lamp heater known as RTA (Rapid Thermal Annealing) equipment, 
or is made to perform heat treatment and epitaxial deposition as equipment used for heat treatment 
continuously using an epitaxial growth system in [ of 5 or less minutes ] being a short time 
comparatively, it can process for high productivity. Moreover, when heat-treating comparatively for 
a long time, it is efficient if batch processing of the heat treating furnace of the heater heating 
method which can heat-treat dozens of or more wafers is used and carried out to coincidence. 
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[0046] Moreover, in this invention, resistivity can use the substrate of the low boron concentration of 
10 ohm-cm, without using the substrate of high boron concentration for the substrate wafer of an 
epitaxial silicon single crystal wafer. Since the problem of autodoping will not arise if it is the 
substrate of such low boron concentration, it is not necessary to process that Si02 performs CVD 
coating for the rear face of a substrate etc. Therefore, the improvement of productivity and cost is 
expectable. 

[0047] On the other hand, since precipitation of oxygen is promoted by existence of nitrogen in the 
bulk section of a silicon single crystal wafer, it becomes the high thing of the gettering effectiveness, 
and even if it is the silicon single crystal wafer of low boron concentration, the gettering 
effectiveness can fully be demonstrated. For this reason, an epitaxial layer with very few heavy- 
metal impurity defects can be formed also on the substrate of high resistance. 
[0048] 

[Example] Although the example and the example of a comparison of this invention are given and 
being explained concretely hereafter, this invention is not limited to these. 
(An example 1, example 1 of a comparison) By the CZ process, the raw material polycrystalline 
silicon which added the boron of predetermined concentration to the quartz crucible with a diameter 
of 18 inches was charged, and the diameter of 6 inches, P type, and six crystal rods of bearing <100> 
were pulled up at the rate of 1.0 mm/min which is the usual raising rate. Although the silicon wafer 
which has a silicon nitride film beforehand was thrown in in the raw material by raising of four 
among those, nitrogen was not doped in raising of the crystal of remaining two. Moreover, which 
crystal controls crucible rotation during raising, and it was made for the oxygen density in a single 
crystal to serve as 16ppma(s) (JEIDA). 

[0049] When the nitrogen concentration of the tail of four crystal rods of the direction which doped 
nitrogen was measured by FT-IR, two were 1.0x1014 atoms/cm3 inside, and two remaining were 
5.0x1014 atoms/cm3 (since the segregation coefficient of nitrogen is very small, the concentration of 
the body section of a crystal rod becomes below this value.). Moreover, when the oxygen density of 
all six single crystal rods was measured by FT-IR, it checked that any crystal served as an oxygen 
density of 16ppma(s). 

[0050] From six single crystal rods obtained here, the wafer was cut down using the wire saw, 
beveling, wrapping, etching, and mirror-polishing processing were performed, and the existence of 
the dope of nitrogen and conditions other than the amount of dopes produced six silicon single 
crystal mirror plane wafers of three kinds of 6 inches diameters made almost the same. When the 
resistivity of these six silicon single crystal wafers was measured, six were 10 ohm-cm. 
[0051] One sheet is 1200 degrees C among the silicon wafers whose amounts of nitrogen dopes are 
the two same sheets respectively, and one more sheet performed silicon epitaxial growth of 5- 
micrometer thickness on the front face of six silicon single crystal wafers with three kinds of these 
amounts of nitrogen dopes of an as-grown condition at 1 125 degrees C. An epitaxial growth furnace 
is what has arranged the susceptor which lays a silicon substrate in a cylinder type bell jar, and the 
heating method was made into the thing of a radiation heating method. Epitaxial growth of the 
silicon was carried out on the silicon wafer by introducing SiHC13+H2 into this. And after heat- 
treating [ of 4 hours ] any wafer at 800 degrees C according to N2 gas ambient atmosphere, the 
oxygen sludge was deposited by heat treatment of 16 hours at 1000 degrees C according to 02 gas 
ambient atmosphere. Then, the oxygen sludge concentration in the bulk of a silicon wafer estimated 
the gettering effectiveness of these epitaxial silicon single crystal wafers. 

[0052] measurement of this oxygen sludge concentration — OPP (Optical Precipitate Profiler) — it 
carried out by law. This OPP method divides the laser beam which is a thing adapting a normal 
skiing type differential interference microscope, and came out of the light source first into two beams 
of the linearly polarized light from which about 90 degrees of phases which intersects 
perpendicularly differ with a polarizing prism, and it is made it to carry out incidence from a wafer 
mirror plane side. If one beam crosses a defect at this time, a phase shift will arise and phase contrast 
with another beam will arise. A defect is detected by detecting this phase contrast with a polarization 
analyzer after wafer side transparency. 

[0053] This measurement result was shown in drawing 1 . Oxygen sludge defect density when a 
triangle plot performs epitaxial growth at 1 125 degrees C is shown by the case where the oxygen 
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sludge defect density of nitrogen dope nothing, amount of nitrogen dopes 1.0x1014 atoms/cm3, and 
amount of nitrogen dopes 5.0x1014 atoms/cm3 was shown, and a circular plot performs epitaxial 
growth at 1200 degrees C from the left of drawing 1 here. 

[0054] Also in 5.0x1014 atoms/cm3, drawing 1 shows the high oxygen sludge consistency being 
shown similarly and having the high gettering effectiveness irrespective of the temperature at the 
time of epitaxial growth, also when the amount of nitrogen dopes is 1.0x1014 atoms/cm3. On the 
other hand, when a nitrogen dope is not performed, in any case, an oxygen sludge consistency is 
understood that it is low and the gettering effectiveness is low. That is, without the precipitation-of- 
oxygen nucleus in an as-grown condition disappearing, even if it performs elevated-temperature EPI 
growth of 1 100 degrees C or more, the wafer which carried out the nitrogen dope can produce the 
epitaxial wafer with which the oxygen sludge of high density is obtained certainly, if precipitation 
heat treatment is added. 

[0055] (An example 2, example 2 of a comparison) By the same CZ process as an example 1, the 
diameter of 8 inches, P type (boron dope), and the single crystal rod of bearing <100> were pulled 
up. The raising rate was made into two kinds, 1.0 mm/min and 1 .8 mm/min, adjusted the amount of 
the wafer with a silicon nitride film thrown in in a raw material, it was pulled up as the single crystal 
rod whose nitrogen concentration is four kinds, 5x1012, 5x1013, 1x1014, and 5x1014 atoms/cm3, 
and an example of a comparison, pulled up the single crystal rod of a nitrogen non dope by rate 1.0 
mm/min, and produced the silicon single crystal mirror plane wafer with which nitrogen 
concentration differs from these. All, the resistivity of the produced silicon single ciystal mirror 
plane wafer was about 10 ohm-cm, and the oxygen density was the range of 10.5 - 17.5ppma 
(JEIDA). 

[0056] Next, 1 170 degrees C performed silicon epitaxial growth with a thickness of 3 micrometers 
on the front face of these silicon single crystal wafers following hydrogen BEKU for 1 minute using 
the epitaxial growth system at 1 150 degrees C. And precipitation heat treatment and oxygen sludge 
measurement were performed by the approach same to these epitaxial wafers as an example 1 . The 
result was shown in drawing 2 . Like [ result / of drawing 2 ] an example 1, without the precipitation- 
of-oxygen nucleus in an as-grown condition disappearing, even if the wafer which carried out the 
nitrogen dope performs epitaxial growth of 1000 degrees C or more, when precipitation heat 
treatment is added, it turns out that the oxygen sludge is formed certainly. In addition, notation 
1.0E+10 in drawing show 1.0x1010. 

[0057] (Example 3) By the same CZ process as an example 1, the diameter of 8 inches, P type 
(boron dope), and the single crystal rod of bearing <100> were pulled up. The raising rate was made 
into two kinds, 1.0 mm/min and 1.8 mm/min, adjusted the amount of the wafer with a silicon nitride 
film thrown in in a raw material, produced two or more single crystal rods with which nitrogen 
concentration serves as 1x1013 - 1x1015 atoms/cm3, and produced two or more silicon single crystal 
mirror plane wafers with which nitrogen concentration will differ from now on. The resistivity of the 
produced silicon single crystal mirror plane wafer was about 10 ohm-cm, and the oxygen density 
was the range of 10 - 18ppma (JEIDA). 

[0058] Next, 1090 degrees C performed silicon epitaxial growth of 15 -micrometer thickness on the 
front face of these silicon single crystal wafers following hydrogen BEKU for 1 minute using the 
epitaxial growth system at 1 130 degrees C. And SP1 (trade name by the KLA ten call company) 
performed crystal defect consistencies, such as a stacking fault (SF) of the front face after epitaxial 
growth, and the result was shown in drawing 3 . Moreover, precipitation heat treatment and oxygen 
sludge measurement were performed by the approach same to these epitaxial wafers as an example 
1. Consequently, any wafer was found by having the oxygen sludge consistency of three or more 
[1x108 //cm]. 

[0059] These results showed that the silicon epitaxial wafer which the number of the crystal defects 
on the front face of an epitaxial layer is 100 or less with a 8 inch wafer, i.e., the defect density of two 
or less [ about 0.3 //cm ], and has the oxygen sludge consistency of three or more [1x108 //cm ] was 
obtained certainly, when nitrogen concentration was 1x1013- 1x1014 atoms/cm3. 
[0060] (Example 4) By the same CZ process as an example 1, the diameter of 6 inches, P type 
(boron dope), and the single crystal rod of bearing <100> were pulled up, and it pulled up by rate 1.0 
mm/min. Moreover, as the amount of the wafer with a silicon nitride film thrown in in a raw material 
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was adjusted and nitrogen concentration became 1x1014 - abbreviation 5x1014 atoms/cm3, the 
silicon single crystal mirror plane wafer was produced from this single crystal rod. The resistivity of 
the produced silicon single crystal mirror plane wafer was about 10 ohm-cm, and oxygen densities 
were about 16 ppma(s) (JEIDA). 

[0061] Next, SHUTIAKKU which is RTA (Rapid Thermal Annealing) equipment of a lamp heating 
type as heat treatment before growing epitaxially to these wafers MICRO-TEC It heat-treated using 
SHS-2800 by the international company. The ambient atmosphere of the heat treatment conditions at 
this time is Ar75% H225% for 1200 degrees C and 0 to 3600 seconds. In addition, heat treatment for 
60 seconds or more was performed by having repeated heat treatment for 60 seconds, and made the 
sum total time amount heat treatment time amount. 

[0062] The number of defects on the front face of a wafer before and behind the heat treatment 
(more than defective size 0.135micrometer) was investigated using Hitachi OSDA (Optical Shallow 
Defect Analyzer), and it was shown in drawing 4 . Moreover, precipitation heat treatment is 
performed by the approach same to the wafer in front of such epitaxial growth as an example 1, and 
the result of having investigated the field with a depth of 30 micrometers for the defect density in the 
bulk of a wafer (BMD consistency: BulkMicro Defect consistency) using the product made from 
Bio-Rad and nondestructive inspection equipment OPP (Optical Precipitate Profiler) is shown in 
drawing 5 . Although a surface defect decreases certainly in 30 seconds or more of annealing time 
amount from drawing 4 and the result of 5, it turns out that the difference remarkable in the BMD 
consistency used as the source of gettering has not arisen. That is, it turns out that the wafer with 
which the consistency of the oxygen sludge in which the number of defects of 0.135 micrometers or 
more is 20 or less pieces, i.e., the defect density of two or less [ about 0.12 //cm ], with a 6 inch 
wafer, and the size of the surface section is moreover formed by oxygen precipitation heat treatment 
of heat treatment before epitaxial growth becomes three or more [1x108 //cm ] was produced. 
[0063] Next, the epitaxial growth system was used for the front face of the wafer which performed 
this heat treatment, following hydrogen BEKU for [ 1 130 degrees-C ] 1 minute, silicon epitaxial 
growth with a thickness of 15 micrometers was performed at 1090 degrees C, and the oxide-film 
proof-pressure property (a TZDB property and TDDB property) of this epitaxial wafer was 
measured. The result was shown in drawing 6 and 7. 

[0064] With the rate of an excellent article of TZDB of drawing 6 , the gate oxidation thickness of 
25nm, and a gate area of 8mm here under 2, judgment current value 1 mA/cm2, and the conditions 
of a room temperature It is a rate although oxide-film pressure-proofing has 8 or more MV/cm. With 
the rate of an excellent article of TDDB of drawing 7 The gate oxidation thickness of 25nm, and a 
gate area of 4mm under 2, stress current value 0.01 A/cm2, and the conditions of a room temperature 
The thing which has two or more oxide-film proof-pressure 25 C/cm or the gate oxidation thickness 
of 25nm, and a gate area of 4mm, although oxide-film pressure-proofing has two or more 5 C/cm 
under conditions of 2 and stress current value 0.01 A/cm2,100 degree C, it is a rate. It turns out that 
the heat treatment time amount of those rates of an excellent article in front of epitaxial growth 
improves certainly in 30 seconds or more from drawing 6 and the result of 7, and 95% or more of 
rate of an excellent article is obtained in 120 seconds or more. 

[0065] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0066] for example, MCZ which it faces raising the silicon single crystal rod which doped nitrogen 
with the Czochrlski method in this invention, and it is not asked whether the magnetic field is 
impressed to melt, and impresses the so-called magnetic field to the Czochrlski method of this 
invention — law is also included. 

[0067] Moreover, even if it hits performing epitaxial growth, it is not restricted to the epitaxial 
growth by CVD, but this invention can be applied, also when MBE performs epitaxial growth and it 
manufactures an epitaxial silicon single crystal substrate. 
[0068] 

[Effect of the Invention] As explained above, in this invention, by using the silicon wafer which 
doped nitrogen as a substrate of an epitaxial silicon single crystal wafer, the gettering capacity of the 
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substrate of high boron concentration is raised, it is a sex from Takao and the epitaxial silicon single 
crystal wafer heavy-metal high impurity concentration excelled [ wafer ] in crystallinity low with 
high gettering capacity also in the substrate of low boron concentration can be produced easily. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Translation done.] 
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